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THIS  REPORT  IS  AN  INFORMATION  COPY. 
NO  CONCLUSIVE  ACTION  WILL  BE  TAKEN 
THEREON  UNTIL  SUCH  TIME  AS  APPROVAL 
LETTER  FROM  HEADQUARTERS,  UNITED  STATES 
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1.  Inclosed  is  copy  of  Termination  Report  of  Air  Proving  Ground, 
Eglln  Air  Force  Base,  Florida,  subject  as  above. 


2.  Cbjectt  To  determine  the  degree  of  sighting  accuracy  necessary 
for  effective  employment  of  the  standard  1E6  quick  opening  fragmentation 
bomb  cluster  in  air-to-air  bcmbing,  and  to  determine  the  probability  of 
a  hit  on  an  aircraft  flying  thrcugi  a  vertical  pattern  of  twenty-five 
1C6  dusters  released  in  train. 


3.  Description:  This  test  was  initiated  in  response  to  a  request 
from  representatives  of  Project  CHORE  for  infornaticn  on  the  spatial 
pattern  of  fragmentation  boob  clusters  in  air-to-air  bombing.  The  test 
was  designed  to  determine  the  effect  of  release  altitude  and  drop 
distance  vfym  the  vertical  and  horizontal  distribution  of  20-lb.  frag-' 
mentation  bombs  released  in  the  M26  cluster  in  order  to  determine  the 
optimum  release  Interval  and  degree  of  sighting  accuracy  necessary  for 
effective  air-to-air  e  Employment  of  this  munition. 

4.  Synopsis:  It  was  concluded  that  pattern  widths  and  heights  of 
the  iC6  cluster  increase  with  drop  distance  and  are  independent  of  re¬ 
lease  altitude,  and  that  pattern  lengths  increase  with  both  drop  distance 
and  release  altitude;  that  the  optimum  release  interval  is  approximately 
8  clusters  per  second;  that  for  zero  sighting  error  in  deflection  the 
probability  of  at  least  one  hit  on  a  B-29  type  airplane  flying  through 
an  M26  cluster  pattern  after  1000  feet  of  fall  is  90$;  and  that  a  45- ft. 
deflection  error  reduces  this  hit  probability  to  50$.  It  was  recommended 
that  the  findings  of  this  test  be  made  available  to  Project  CHORE  for 
further  study  of  the  feasibility  of  use  of  this  munition  in  air-to-air 
boobing. 


5.  Ihclosures: 

In closure  1  -  Termination  Report 
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1.  OBJECT! 


To  determine  the  degree  of  sighting  accuracy  necessary  for 
effect  Its  employment  of  the  M26  clustered  20-lb.  fragmentation  bomb  in 
air-to-air  boobing,  and  to  determine  the  probability  of  a  hit  on  an 
aircraft  flying  through  a  vertical  pattern  of  twenty-five  M26  dusters 
released  in  train. 


INTRODUCTION : 


a. 


This  test  was  initiated  for  the  purpose  of 


determining  the  effect  of  release  altitude  and  distance  of  fall  upon  the 
vertical  and  horizontal  distribution  of  20-lb.  fragmentation  bombs  re¬ 
leased  in  dusters,  in  order  to  determine  the  Optimo  release  interval 
and  the  degree  of  sighting  accuracy  necessary  for  effective  employment 
of  1C6  clusters  in  air-to-air  bombing  This  project  was  authorised  by 
CO,  ABO,  10  March  19l+g,  in  response  to  informal  request  by  representa¬ 
tives  of  Project  CHORE. 

b.  Description* 


•  (l)  The  munition  used  was  the  standard  quick  opening  M26 
fragmentation  bomb  duster,  consisting  of  twenty 
AN-llOAl  20-lb.  fragmentation  bombs  assembled  in  the 
10.3  cluster  adapter.  The  duster  opens  immediately 
upon  release  when  the  arming  wire  is  withdrawn  from 
the  duster.  Extra  length  arming  wires  were  used  to 
allow  the  cluster  to  dear  the  bomb  bay  before 
separating. 

(2)  Clusters  were  released  from  a  B-29  airplane  and  photo¬ 
graphed  for  the  first  two  thousand  feet  of  free  fall. 


3.  CONCLUSIONS* 

a.  The  spatial  pattern  dimensions  of  the  quick  opening  M26 
fragmentation  bomb  duster,  in  width  and  height,  increase  with  drop 
distance  but  are  independent  of  release  altitude.  Pattern  lengths  in¬ 
crease  both  with  drop  distance  and  with  release  altitude  (see  paragraph 
6c). 


b.  For  zero  sighting  error  in  deflection,  the  probability  of 
at  least  one  hit  oh  a  B-29  type  airplane  flying  through  the  vertical 
pattern  of  an  M26  duster  is  90$  for  1000  feet  of  fall,  and  61$  for 
2000  feet  of  fail. 

c.  The  optimum  release  interval  for  1E6  clusters  in  air-to- 
air  train  bombing  is  approximately  &  dusters  per  second. 
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d.  An  optima  train  of  twenty- five  M26  clusters  allows  for  a 
aargin  of  arror  of  ±  1.5  seconds  in  tha  raleaaa  point. 

a.  A  deflection  arror  exceeding  45  faet  for  a  drop  distanoa 
of  1,000  faat  and  25  faat  for  a  drop  die  tan  ca  of  2,000  faet  will  redime 
tha  probability-  of  hitting  to  below  50%  for  an  optima  apaoad  train  of 
166  oluetara. 

4.  RBCOtMENDAT  ION  1 

That  the  findings  of  this  test  be  made  available  to  Project 
CHORE  for  further  study  of  tha  feasibility  of  use  of  the  166  fragmen¬ 
tation  bomb  duster  in  air-to-air  bombing. 

5.  RECORD  OF  TEST: 

a.  Testing  was  begun  21  April  19)\&  in  accordance  with  Phase  I 
of  the  1ft  s  a  ion  Schedule  of  the  Test  Program  ( Jnclosure  2).  On  tULs 
pht.se  a  total  of  thirty-eight  166  clusters  was  individually  released, 
resulting  in  twelve  assessable  drops  from  10,000  faet  and  eleven  from 
25,000  feet.  All  releases  were  aade  at  an  indicated  airspeed  of  200 
*ph.  No  drops  were  aade  from  35,000  feet. 

b.  Phase  II  of  the  Mission  Schedule  was  omitted. 

o.  Two  missions  of  Phase  III  of  the  Mission  Schedule  were 
accomplished,  in  which  one  train  of  five  166  clusters  was  dropped  from 
10,000  feet  and  a  similar  train  was  dropped  from  25,000  feet.  The 
drop  from  25,000  feet  was  not  assessable. 

d.  Test  was  terminated  on  11  January  19I19  because  of  con¬ 
tinuous  difficulties  involved  in  testing  (photo graphic,  aircraft 
maintenance  and  personnel  shortages),  and  became  it  was  felt  that 
sufficient  data  had  been  obtained  from  Phase  I  of  the  test  to  form  the 
basis  for  further  theoretical  studies. 

6.  DISCUSSION: 

a.  Photo  grap^y; 

(l)  A  preliminary  mission  of  ten  drops  of  166  fragnen- 
t&tion  clusters  was  run  to  determine  the  best  camera 
arrangements  for  obtaining  the  necessary  photographic 
coverage  of  the  patterns.  It  was  determined  that 
side  view  photographs  should  be  taken  from  a  position 
1,300  feet  out  to  tha  side  and  1,000  feet  below  the 
bombing  airplane,  using  a  horisoatally  mounted, 
remotely  operated  K-27  camera  with  12-inch  focal 
length  lens,  shooting  out  of  the  side  door  of  the 
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photographic  air  plana.  This  produced  a  photograph 
eighteen  inches  high  and  nine  inches  wide  which  showed 
both  the  boobing  airplane  (near  the  top  of  the  picture) 
and  the  bort>s  of  the  olustor  for  approximately  2,000 
feet  of  fall.  Because  of  the  relatively  slow  rate  of 
recycling  of  this  camera,  not  more  than  three  ex¬ 
posures  of  any  one  cluster  could  be  obtained,  usually 
after  approximately  500,  1,000  and  2,000  feet  of  fall. 

(2)  Front  view  photography  waa  found  to  require  a  camera 
position  3,600  feet  ahead  and  1,000  feet  below  tbe 
boobing  airplane,  using  a  horizontally  mounted, 
remotely  operated  K-1S  camera  with  2ij.-lnoh  focal 
length  lens,  installed  in  the  tail  section  of  a  second 
photographic  airplane.  This  also  produced  a  picture 
eighteen  inches  high  and  nine  inches  wide,  with  bomb¬ 
ing  airplane  near  the  top  of  the  picture. 

(3)  The  boobing  alrplanr  was  equipped  with  a  K-22  camera 
with  140-inch  fooal  length  lens,  mounted  with  a  10° 
tilt  to  the  rear  of  the  vertical. 

(U)  Positioning  of  the  two  photographic  airplanes  relative 
to  the  boobing  airplane  was  accomplished  by  use  of 
optical  stadlameters,  the  boshing  airplane  ranging  on 
the  photographic  airplane  ahead  of  it,  and  the  side 
photographic  airplane  ranging  on  the  bombing  airplane . 

(5)  As  tbe  test  progressed,  front  view  photography  proved 
to  be  impractical  because  the  projected  area  of  the 
individual  bombs  from  this  view  was  too  small  to  be 
visible  in  the  photographs.  Because  of  the  low  per¬ 
centage  of  assessable  exposures  obta  d  from  this 
position,  use  of  the  forward  photographic  airplane 
was  abandoned. 

b.  Method  of  Assessment: 

Bittern  lengths  and  widths  wens  obtained  from  assessment 
of  the  vertical  camera  photographs,  and  heights  from  tbs  side  views. 
Since  overall  dimensions  were  susoeptible  to  wide  variations  (particu¬ 
larly  in  length)  because  of  occasional 'erratic  bombs,  overall  dimensions 
mere  not  used  as  an  index  of  pattern  size.  Instead,  the  approximate 
95*  Unite  of  the  distribution  were  used  to  express  pattern  dimensions . 
These  Unite  were  obtained  statistically  by  computation  of  ohe  standard 
deviation  (d~)  about  tbejpattem  MPI  (3T),  the  approximate  99*  limits 
for  may  dimension  being  X  ±  2  Hence,  h<fZ  taken  as  represent¬ 
ing  the  pattern  length,  U<fw  as  pattern  width,  and  k&}f  as  pattern 
height.  This  parallelepiped,  on  the  average,  included  17  bombs 
(.95  x  95  x  95  *  .H5*)  of  the  20-bomb  cluster. 
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c.  Cluster  Rfcttem  Dimensions  > 

(1)  Following  Is  a  tabulation  of  computed  ratte.*n  alsee 
for  the  twelve  assessable  dusters  released  from 
10,000-ft.  altitude.  Eleven  measurements  of  pattern 
length  and  width,  and  five  measurements  of  pattern 
height  were  obtained  for  drop  distances  of  1,000  feet 
and  for  2,000  feet. 


nTirTiif 

■■■■ irW  ;J »}  fcW  *'*VTY»  M  iMBHB 

mrrri?7m 

Width 

Length 

Height 

Ft. 

Ft. 

Ft. 

Ft. 

Ft. 

Ft. 

77 

39 

— 

160 

hi 

— 

log 

50 

— 

171+ 

93 

— 

100 

1+3 

— 

177 

71 

— 

1+7 

hi 

— 

76 

76 

— 

63 

1+3 

— 

13 1+ 

39 

— 

5h 

ho 

61 

.  97 

67 

333  . 

6l 

3* 

— 

39 

6o 

— 

100 

33 

1+7 

361+ 

56 

73 

92 

h3 

— 

166 

61 

— 

— 

— 

3g 

— 

— 

39 

32 

25 

72 

ll+g 

la 

130 

102 

51 

1+6 

170 

36 

79 

Mean 

go. 5 

1+0.5 

52.5 

H+1.1+ 

6g.o 

lOl.g 

an 

±19.5 

±6.g 

tig  .2 

±33.5 

±15.3 

±3 6.3 

(2)  Following  Is  a  tabulation  of  computed  pattern  sizes 
for  tbs  eleven  assessable  drops  frcm  25,000-ft. 
altitude.  Nine  measurements  of  pattern  length  and 
width  and  seven  measurements  of  pattern  height  were 
obtained  for  each  drop  distance . 
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|  ;i .  <  A  1  *  *  n  *1  j  1) 

mats 

tm  TV 

Ft. 

Ft. 

Ft. 

Ft. 

Ft. 

Ft. 

— 

— 

1*5 

— 

— 

84 

96 

la 

1*8 

182 

56 

70 

88 

35 

55 

135 

56 

89 

109 

32 

— 

167 

52 

— 

139 

47 

— 

224 

69 

— 

111 

31 

— 

175 

51* 

— 

130 

4 6 

— 

204 

76 

— 

126 

50 

59 

21*4 

84 

118 

1U 

1*2 

1*7 

125 

66 

95 

11 8 

ue 

54 

2 12 

79 

96 

— 

— 

1*3 

— 

— 

67 

Mmh 

110.1 

1»1.3 

50.1 

185.3 

65.8 

88  M 

3^ban 

121.7 

17.2 

±6.7 

±39.7 

±11.9 

±19.6 

(3)  From  a  comparison  of  the  ■sin  dl  mm  at  on a  and  their 
3^”(99. 7%)  confidence  Units  tabulated  at  the  bottom 
of  the  teo  foregoing  tables,  it  appears  that  pattern 
width  and  pattern  height  increase  with  dro^  distance, 
and  are  more  or  less  independent  of  release  altitude. 
Pattern  length,  however,  increases  with  both  drop 
distanoe  and  release  altitude,  the  pattern  length  for 
a  given  drop  distance  being  sene  30 %  to  ho%  greater 
when  released  from  23,000  feet  than  when  released 
from  10,000  feet.  Since  all  drops  were  made  at 
approximately  the  same  indicated  airspeed  (200  nph), 
the  effect  of  indicated  airspeed,  if  any,  on  pattern 
dimensions  was  not  measurable .  The  average  cluster 
pattern  is  characterised  by  being  long  in  length  and 
narrow  in  width.  Hsigit  averages  about  255C  greater 
than  width  for  a  drop  distance  of  1,000  feet,  and 
Uo%  greater  far  a  drop  distanoe  of  2,000  feet. 
Combining  the  drops  from  10,000  and  25,000  feet  and 
considering  only  width  and  height,  the  average  pattern 
dimensions  become  as  follows: 

Drop  Distance  Pattern  Width  Dimensions  'leight 

looo*  41 •  51* 

2000*  67*  9U» 
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d.  ifcttern  Penal  tie  it 

The  dlatrlbvrfclon  of  bahbs  in  the  average  cluster  patten 
after  1,000  feet  and  2,000  feet  of  fall  is  shown  in  Incloeure  3*  In 
width  and  depth  the  boobs  are  more  or  less  normally  distributed  about 
the  patten  center.  In  length,  however,  the  distribution  tends  to  be 
flat-topped  and  with  long  tails  on  either  end. 

e.  Vertical  Plans  Patterns  t 

by  nee  of  thB  distribution  corves  of  Inclosure  3  and  the 
pattern  dimensions  of  paragraph  6c,  it  was  possible  to  construct 
vertical  plane  bomb  patterns  as  seen  by  the  target  airplane.  Since 
pattern  widths  and  depths  were  approximately  the  sane  for  10,  OOO-ft r 
releases  as  far  25, OOO-ft.,  the  distribution  curves  for  these  two 
altitudes  were  octnblned  to  obtain  thB  vertical  plane  pattern  densities 
shown  In  XndLoeure  4.  Tbs  vertical  plane  patterns  have  been  sub-divided 
into  cells  10  fee t  wide  avl  10  feet  higi,  except  for  the  end  oells  in 
each  row  and  column  which  are  smaller.  The  upper  figure  in  each  cell 
represents  the  oell  density  (boobs  per  cell),  while  the  lower  figure 
represents  the  contribution  of  that  cell  towards  producing  hits  on  a 
B-29  type  airplane  flying  oent rally  through  the  given  cell  row  (oell 
density  times  fraction  of  cell  area  occupied  by  airplane  silhouette). 

The  lower  figure  is  also  as  aimed  to  be  the  probability  of  a  hit  occurring 
in  the  given  cell.  Subtracting  this  figure  from  unity  gives  the 
probability  of  a  miss  for  the  cell. 

f .  Hit  PTfibabiliti  e  8 : 

(l)  The  total  ntnber  of  expected  hits  for  a  given  oell 
row  is  the  sum  of  the  lower  figures  for,  the  row 
(tabulated  in  the  first  column  to  the  right  of  the 
pattern  in  Inclosure  U,  Rage  1).  Although  the 
expected  hits  may  exceed  unity  for  a  oell  row,  the 
probability  of  hitting  for  that  row  is  not  necessarily 
100 jt.  To  arrive  at  the  probability  of  hitting  for  any 
row,  the  probabilities  of  missing  for  each  af  the 
cells  of  the  row  must  be  multiplied  together  (second 
column  to  the  right  of  the  pattern)  and  subtracted 
from  unity.  This  result  is  tabulated  in  the  third 
column  to  the  right  of  the  pattern.  Since  the  target 
airplane  has  an  equal  chance  of  passing  through  any 
one  of  the  cell  rows,  and  since  there  are  five  rows 
to  the  pattern,  the  cell  row  probabilities  are  added 
together  and  divided  by  5*  This  gives  a  probability 
of  90. 0^  of  at  least  one  hit  for  thB  pattern  as  a 
whole,  while  the  expected  nuaber  of  hits  is  2.02. 
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Fro*  tbs  vertical  plane  pattern  for  the  2,000-ft. 
drop  distance  (Inolosure  h.  Page  2)  a  similar  pro¬ 
cedure,  not  lUaatrated,  gives  a  probability  of  only 
61$  of  at  least  one  hit  for  the  pattern  as  a  stole. 

In  this  oase  the  arpeoted  number  of  hits  is  0.9U. 

The  a  bore  hit  probabilities  sere  computed  on  the  basis 
of  aero  deflection  error  (flight  path  of  target  air¬ 
plane  centered  laterally  with  respect  to  the  boob 
pattern) .  The  hit  probabilities  for  various  assuned 
deflection  errors  are  given  In  Ihcloaure  5.  Because 
t/f  the  narrow  width  of  the  pattern,  hit  probabilitlee 
fall  off  fast  with  increasing  deflection  error,  re¬ 
ducing  to  aero  for  a  93-ft.  deflection  error  in  the 
oase  of  the  1,000-ft.  drop  distance,  and  for  10U-ft. 
error  in  the  oase  of  the  2,000-ft.  drop.  If  the 
deflection  error  ezoeeds  k5  feet  for  a  1,000- ft. 
drop  or  25  feet  for  a  2,000-ft.  drop,  the  probability 
of  hitting  be  00  we  1  less  than  50 %.  Hence,  extra  we 
accuracy  in  deflection  is  required  if  this  method  of 
attack  is  to  be  elf  active. 

Accuracy  in  range  is  not  as  critical  as  in  deflection 
because  the  depth  of  the  pattern  can  be  extended  by 
releasing  a  large  mmsber  of  clusters  in  train.  (The 
B4j5  sen  carry  twenty-seven  M26  clusters.)  Xnclcaore 
6  shows  a  side  view  plot  of  five  !E6  clusters  released 
in  train  from  10,000  feet  at  the  rate  of  I4..5  clusters 
per  second.  The  drop  distance  in  this  case  is  approxi¬ 
mately  5I4O  fast  to  the  uppermost  cluster  and  800  feet 
to  the  lowermost  cluster.  The  total  heigit  of  the 
pattern  is  279  feet.  Pattern  densities  far  each  ten 
feet  of  he i  git  are  indicated  by  tbs  bar  diagram  at  the 
right  of  the  plot.  It  is  seen  that  several  gaps  have 
Occurred  in  tbs  lower  part  of  the  pattern,  an  indica¬ 
tion  that  the  release  frequency  was  too  slow  far 
optimum  pattern  densities.  3incr  the  drop  distance 
was  lews  than  1,000  feet,  the  pattern  would  have 
thinned  out  still  more  at  1,000  feet.  It  is  therefore 
believed  that  a  more  effective  release  interval  would 
have  been  about  eight  per  second .  Using  this  interval, 
a  train  of  25  clusters  would  allow  for  a  margin  of 
error  of  ±  1*5  seconds  in  the  release  point.  Hcmever, 
unless  a  sighting  means  or  bombing  technique  can  be 
devised  which  will  eliminate  the  possibility  of 
deflection  errors  exceeding  90  feet,  the  chance  of 
hitting  will  remain  below  50f  despite  the  large  mmfeer 
of  Dcmbs  dropped.  The  possibility  of  the  target 
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aiiplmt  i^plo|lag  erraeire  action  further  ocapli  cates 
the  el^iting  problem  in  deflection. 

7.  DCLOSTOSt 

Inclosure  1  *  Test  Historical  Data 
Inoloeure  2  -  Test  PTogrea 
In  closure  3  -  Bittern  Density  Carres 
IhcQ  osure  k  -  Vertical  Plane  Bitterns 
Ihclosure  5  -  Hit  Probabilities 
Xndoeure  6  -  Train  Ifettexn 
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APO  PROJECT  10.  5^71-1 — 5 

TEST  TO  EETEHMIHB  THE  EFFECT  CP  ALTITUDE  OR  THE  VEETICAL  PAT  TERR  CF  QUICK 
OPERHQ  mOMSNTATION  BOMB  CLUSTERS  (BIO  I?,  PHASE  III  -  BOMBXHO  PHASE) 


Approved  by: 


Prepared  by: 


Concurred 


Approved  by: 


,  USAF  V_ 


z. 


TFTTTnSiSHF 


J.Visfc 


Lt.  Colonel,  TEA? 

Chief,  Boebing  Projects  Breach 


Lt.  Colons  l/'TEAF 
Asst.  Deputy  far  Operations 
Chief,  Proof  Test  Division 


Approved  by: 


/f7f  Gryn/CG*; 

:rt:  comptow  / ' 


Colonel,  USAF 
Deputy  for  Operations 


r v  Major 


J&c 


KEPM3R 

Oeneral,  USAF 
Coonandins 
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TEST  HISTORICAL  DATA 
APO  PROJECT  HO.  51*71-1—5 

1.  AUTHORITT* 

C  fending  Omrtl,  Air  Proring  Ground,  Eglin  Air  Fore*  Base 

Florida. 

2.  ACTIVATION  DAB*  27  19 1# 

3*  BQUIFMHIT  RBCEXVB)!  M26  dusters  on  hand  at  Eglin  AF  Base. 

4.  StBPRSIOVt  Horn 

5.  TERMINATION!  11  Janmry  19k9 

6.  raiMQ  HOOKS!  l£iU5 

7.  GROUND  HOURSt  Non 

4.  CLIMATIC  CONDITIONS ! 

This  test  sas  oondneted  only  under  teaperate  cliaatio 
conditions. 

9.  HKIATED  TESTS!  Hons 
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HEADQUARTERS 
AIR  PROVING  GROUND 
Eglin  Air  Force  But,  Florida 

26  April  19^3 

SUBJECTi  Test  to  Determine  the  Effect  of  Altitude  on  the  Vertical 

Bittern  of  Quick  Opening  Fragmentation  Bomb  Clusters,  Project 

No.  5-U7-1-2B. 

TO:  Commanding  Officer 

6llth  AF  Base  Unit 

Eglin  Air  Force  Base,  Florida 

1.  GENERAL! 

a.  Introduction — It  is  desired  to  determine  the  effect  of 
the  altitude  of  release  and  the  distance  of  fall  upon  the  vertical  and 
horizontal  distribution  of  bombs  released  in  clusters.  This  information 
is  needed  to  determine  the  optimum  release  interval  and  the  degree  of 
sighting  accuracy  necessary  when  employing  K?6  clusters  in  air-to-air 
bombing. 

b.  Description — The  vertical  plane  pattern  of  the  20-lb. 
fragmentation  bomb,  mhsn  used  in  a  quick  opening  1G6  frag  duster,  mill 
be  determined  for  drop  heights  of  1000  and  2000  feet  beneath  the  bond¬ 
ing  aircraft  mhen  released  at  altitudes  of  10,000,  25,000  and  55*000 
feat. 

c.  Classification:  Secret 

d.  Priority  of  Test:  IB 

e.  Project  Officer:  1st  Lt.  Charles  Q.  Mathis on 

f.  Test  Officer:  Capt.  John  H.  Line ba ugh 

2.  OBJECT:  To  determine  the  degree  of  sighting  accuracy 
necessary  for  successful  employment  of  the  1E6  clustered  20-lb.  fragmen¬ 
tation  bomba  in  air-to-air  bombing,  and  to  determine  the  probability  of 
a  hit  on  an  aircraft  flying  through  a  vertical  pattern  of  twenty-five 
1£6  dusters  released  in  train. 


5.  SCOPE  CF  TEST: 

a.  Determine  the  vertical  plane  pattern  of  the  quick  opening 
1C6  frag  cluster. 


b.  Determine  the  optimum  release  interval  for  M26  fragmenta¬ 


tion  clusters  in  air-to-air  bombing. 
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o.  Establish  the  Tertical  pattern  of  20-lb.  fragmentation 
bomba  when  used  in  the  500-lb.  frag  clue ter  (1£>6)  released  in  train 
from  varioua  altitudes  using  the  optimum  interval. 

d.  Determine  the  probabi  .y  of  a  hit  on  a  P-BOB  or  B-29 

aircraft  flying  through  the  90  per  3  vertical  pattern.  This  involves 

determining  the  vertical  and  horisou*<a3  dispersions  and  the  areas  of 
the  vertical  plane  pattern  containing  90  per  cent  of  the  frag  bombs. 

U.  METHOD  OF  CONDUCTING  TEST: 


a.  PKEUMINAKI  PHASE; 

(1)  A  K-27  still  camera  will  be  mounted  horizontally  in 
the  tail  section  of  a  photographic  aircraft  so  as  to 
obtain  photographs  approximately  90  degrees  to  the 
heading  of  the  bombing  aircraft.  A  K-2U  still 
camera  will  be  mounted  horizontally  in  the  tall 
gunner* a  position  of  a  second  photographic  airplane 
so  as  to  obtain  photographs  ISO  degrees  to  the  head¬ 
ing  of  the  bombing  aircraft.  The  boobing  aircraft 
will  be  equipped  with  a  vertical  still  camera 
capable  of  obtaining  photographs  of  individual  combs 
from  U26  clusters,  from  point  of  release  to  a  point 
2000  feet  beneath  the  bombing  aircraft.  Cameras 
will  be  started  inned lately  on  "bombs  away". 

(2)  All  bomb  clusters,  each  individual  fragmentation 
boob,  and  fins  and  arming  wires  will  be  inspected 
prior  to  each  mission. 

(3)  Prior  to  each  mission  a  briefing  will  be  held  with 
the  bombardier,  pilots,  and  photographers  of  all 
participating  aircraft  to  familiarize  all  personnel 
with  purpose  and  details  of  mission. 

(U)  All  frag  bombs  and  fins  will  -  be  painted  to  produce 
maximum  photographic  contrast  if  this  appears 
necessary  after  the  trial  mission(s). 

(5)  All  inert  frag  bombs  will  contain  black  powder 
spotting  charges  and.  will  be  sand-loaded  to  19 .5-lbs. 
±  .5-lbs. 

(6)  Bombing  aircraft  will  be  equipped  with  Radio  Release 
Point  Indicator. 

(7)  At  least  five  drops  will  be  made  on  one  or  more 
trial  missions  to  perfect  the  technique  of  flying  the 
photo  ship  in  relation  to  the  dropping  aircraft,  to 
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oheok  both  the  bores  ighrting  of  the  caaeras  end  the 
photographic  definition,  and  to  help  the  assessment 
personnel  work  out  their  procedures.  Any  trial 
■Isaion  which  is  successful  photographically  will  be 
aocepted  as  a  sdssl  .ti  of  the  sain  phase,  prorldlng 
all  test  condition  \or  the  Mission  are  set. 


b.  MAIN  HjASEi 

(1)  All  sis  a  ions  for  record  will  be  run  in  acoardance 
with  the  Mission  Schedule  attached  as  Inclosure  1. 
Additional  aissions  will  be  scheduled  as  required 
after  study  of  results  of  Phase  III. 

(2)  Bombing  aircraft  used  on  aissions  at  35*000  feet  will 
be  B-53  type.  Missions  conducted  at  10,000  and 
25,000  feet  aay  employ  either  B-50  or  B-29  aircraft. 
Photographic  aircraft  will  be  B-29*a. 

(3)  Bomb  runs  will  be  aade  on  a  heading  which  will  pro¬ 
duce  Maxima  photographic  coverage  (i.e.,  perpen¬ 
dicular  to  the  line  of  the  sun). 

(I4.)  The  aerial  phase  of  the  test  will  be  divided  into 
three  phases. 

(a)  Phase  I  will  consist  of  dropping  individual 
1E6  frag  clusters  to  determine  the  dispersion 
of  the  bombs  within  tte  cluster.  Five  clusters 
will  be  dropped  at  (Isb/a.p.h.  IAS  and  five 
clusters  will  be  dropped  at"220  a.p.h.  IAS  at 
each  altitude. 


(b)  Phase  II  will  consist  of  dropping  five  1C6 
clusters  in  train  at  each  altitude  -at/SSC  a.p.h. 
IAS  to  determine  the  train  pattern.  From  a 
comparison  of  the  results  of  Phases  I  and  II, 
the  optima  train  interval  will  be  determined 
and  all  successive  aissions  will  use  this 
optimum  train  release  interval. 

(c)  Phase  III  will  consist  of  dropping  twenty-five 
1E6  frag  clusters  irv-tndn  taring  the  optima 
release  Interval  at  <220)a.p.h.  IAS  from  the 
three  test  altitud^*^7 


(5) 


Bombing  aircraft  will  take  vertical  photographs  of 
each  of  the  bomb  trains  from  release  to  2000  feet 
beneath  the  aircraft.  Photographic  aircraft  A  will 
fly  1000  feet  below,  2000  feet  to  the  aide  (toward 
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ran),  and  parallel  to  the  bonbing  aircraft  and  photo¬ 
graphic  aircraft  B  will  fly  1000  feet  below  and  1000 
feet  ahead  of  the  boshing  aircraft,  and  photograph 
clue ter  trains  from  tine  of  release  to  a  point  2000 
feet  beneath  the  bombing  aircraft. 

(6)  Minor  donations  from  the  Test  Program  may  be  made 
upon  concurrence  of  the  Project  and  Test  Officers. 

e.  ray,  PHASE t 

(1)  ffcoto  graphs  will  be  analysed  to  determine  the  dis¬ 
persion  in  pattern  area  of  the  M26  frag  cluster  and 
the  cluster  trains  for  each  altitude  and  airspeed 
employed. 

(2)  Vertical  patterns  will  be  analysed  to  determine  the 
probability  of  a  hit  on  a  P-40  or  B-29  aircraft  fly¬ 
ing  through  the  pattern  which  includes  90  per  cent 
of  the  frag  bombs  dropped. 

(5)  The  following  will  be  determined  from  analysis  of 
information  obtained!  the  probability  of  a  hit  for 
head-on,  beam  and  stern  attack  when  employing  optimum 
spaced  trains  of  twenty-five  quick  opening  300-lb. 

1C6  frag  clustery  released  from  various  altitudes 
against  P-40  or  B-29  type  aircraft  flying  1000  and 
2000  feet  below  the  attacking  aircraft. 

(li)  The  Project  Officer,  in  conjunction  with  the  Test 
Officer,  will  prepare  a  Pinal  Report. 

5.  HBCOBD61 

a.  Records  will  be  maintained  by  the  Project  Officer,  Test 
Officer  and  flight  crews  to  fully  record  all  data  obtained  or  observed 
during  these  tests. 

b.  Any  unusual  phenomena  will  be  thoroughly  investigated  and 

reported. 

c.  Collate  Bonbing  Flight  Records  will  be  accomplished  for 
each  mission. 

d.  Continuous  photographs  will  be  taken  by  the  bombing  air¬ 
craft  and  photographic  aircraft  of  all  bosbs  dropped,  from  point  of 
release  until  bombs  are  2000  feet  beneath  the  bombing  aircraft. 

e.  Photographers  will  keep  aeourate  logs  of  all  missions  and 
all  raise sea  and  will  sake  store  that  all  exposed  fils  is  properly  labeled. 
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Negatives  will  be  titled  to  include  project  nuaber,  mission  number, 
date,  time  and  altitude. 

f .  Secessary  diagrams,  boab  plots,  charts,  tabulations  of 
data  collected,  and  analysis  of  all  inforaation  will  be  aoco^lished 
by  Meaaurensnt  and  Analysis  Brandi. 

g.  Test  Trouble  Reports  will  be  accomplished  when  neoeseary. 

6.  DISTRIBUTION  LIST  FCR  TEST  PROGRAM.  AHNEZ.  AID  AFPBB)ICHS 

tnra  n  warn, -  * - - 


a.  Chief,  Boobing  Projects  Branch  2  copies 

b.  Co— ading  Officer,  611  th  AF  Base  Chit  1  oopy 

c.  Operations  Officer,  6 11th  AF  Base  Unit  1  oopy 

d.  Asst.  A-3  (Climatic)  1  oopy 

e.  Air  Ordnance  Officer  1  oopy 

f .  Naval  Liaison  Officer  1  copy 

g.  6Uth  BIT,  Sq  0  (Kioto graphic)  1  oopy 

h.  611th  BU,  Sq  0  (1&A)  1  copy 

i.  611  th  BU,  Sq  E  (Heavy)  1  copy 

j.  611 th  BU,  Sq  A,  Bqs.  (Range)  1  oopy 


2  Inc 1st 

Incl  1  -  Mission  Schedule 
Incl  2  -  Teat  Program  Annex  (w/d) 
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PROTECT  NO.  5J17-I-2B 

TEST  TO  DETERMINE  THE  EFFECT  OT  ALTITUDE  CN  THE  VERTICAL  PATTERN  CF 
qpiCK  era  INC  IBAGMiaUTATICN  BCMB  CLUSTERS 


Prepared 


Prepared 


by : 


CHSBLES  G.  MATHIS®' 
let  Lt.,  USAF 
Project  Officer 


Reviewed  Ear : 

^  VILLI5HT:T 


"JET 


Major,  USAF 

Chief,  Measurement  &  Analysis 


Approved  by: 


Lt.  Colonel,  USAP 

Chief,  Bombing  Projects  Brandi 


Approved 
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10  Mo  35,000  220  25  M26  AN-M11CA1  25  Clusters  Cptlaum  Same  as  mission  fj . 

in  train.  (to  be 

prescribed) 


RELATIVE  DENSITY  -  PERCENT  RELATIVE  DENSITY  -  PERCENT 
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PATTERN  DENSITIES  /~  DROP  DISTANCE 

RELEASE  ALTITUDE  25.0 


-135 -125 -115  -105  -95  -85  -75  -65  -55  -45  -35  -25  -15  ~S 

DISTANCE  (FT)  FROM  PATTI 


-185  -175  -165 -«  -145  -(35  H 25  -HI5  -105  -95  -85  -75  -€5  -55  -45  -35  -25  -15  H 

DISTANCE  (FT)  FROM  PATTERN  C 
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AVERAGE  VERTICAL  PUNE  BOMB  PATTERM  1000  FEET  BELOR  THE  BOMBER 


The  tuppir  fignre  in  mc h  cell  represents  cell  density  (i.e.,  baabs 
per  cell)  based  upon  the  frequency  distribution  of  an  average  20-boMb 
dealer.  Tbs  loser  ligate  in  each  cell  represents  tbs  contribution  of 
that  oell  tosard  producing  bits  on  a  B-29  airplane  flying  centrally 
through  the  glean  bell  row. 


ffcttern  Width  (i#0  feet) 


•0599  •2535  A5h7  .2709 


.5022  1.3997  1.8533  1-6232 
.1707  .715®  1.3900  .«7« 


•1891 

.0643 


.5311 

.1 k# 

.2709 

.0505 

1.1172 

.3122 

.569*5 

.1061 

1.6232 

0*536 

.£78 

.15b2 

1.1272 

.3150 

.5749 

.1071 

.6112 

.1708 

.3117 

•0581 

1.0655  .2732  o726S 


2  .2104 


3.2565 


.9926 


1.000 


2.2616  .005B  .991*2 


I.2263  .2115  .7885 
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AVERAGE  VERTICAL  FUME  BOIB  PATTER!  2000  FEET  BELOV  THE  BOWER 

Tbs  upper  figure  in  each  call  repreacnts  oall  danaity  (i.e.#  boaba 
par  cell)  basad  upon  tha  frequency  distribution  of  an  sraiaga  20-bosd> 
olnater .  Tha  lower  figure  in  aaoh  call  represents  tha  contribution  of 
that  caU  toward  producing  hits  on  a  B-29  airplsna  flying  oantraUy 
through  tha  glrsn  call  row. 


Pattern  Width  (67  faat) 


•00(46 

•0CU9 

.0188 

.0200 

i  aa  — 
.0171 

.0123 

.0052 

•0510 

mm 

•2072 

.2199 

.1881 

035*4 

.0573 

.0219 

•1057 

.16(49 

.0999 

•0*406 

.02(46 

.0780 

.2020 

•3202 

.3398 

.2907 

.2099 

.0006 

•0539 

•0606 

•1633 

•25U9 

.li4*3 

.0628 

•0301 
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<£790 

JUI407 
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J4001 

.2881 
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.0(467 

.22l|0 

.3509 

•20t(l 

.086*4 

.052(4 

i  .150B 

.3*49 

.6103 

.6*477 

.55*40 
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0600 

it  •<*i* 
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.3113 

J4858 

.2825 

.1196 

.0726 

9 

.3*97 

.6178 

.6557 

.5609 

J4O38 

0709 

\  .065(4 

.1169 

•3151 

Jl918 

£96l 

.1211 

.0735 

2  .1306 

.5598 

.53*7 

.5717 

•km 

.3521 

•Kf90 

E  -0570 

•1Q19 

£7k7 

J|288 

.2*49*4 

.1056 

.061(1 

.12(42 

•31*U 

.50(48 

.5357 

Jt5*S 

.3299 

J396 

.053U 

.0955 

•257U 

Jioai 

.2337 

.0990 

•0600 

.0769 

.1972 

.3127 

•J5ia 

.2*39 

•20*43 

•0065 

.0331 

.0992 

.1595 

^(488 

.1*1*48 

.0613 

.057* 

.0(417 

.1069 

.1695 

.1799 

0539 

0108 

.01)69 
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•19*49 
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•093® 
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DEPARTMENT  OF  THE  AIR  FORCE 

HEADQUARTERS  AIR  FORCE  MATERIEL  COMMAND 
WRIGHT-PATTERSON  AIR  FORCE  BASE.  OHIO 


MAY  2  3  2000 

MEMORANDUM  FOR  DTIC/OCQ  (ZENA  ROGERS) 

8725  JOHN  J.  KINGMAN  ROAD,  SUITE  0944 
FORT  BELVOIR  VA  22060-6218 


FROM:  HQ  AFMC/SCDP 

4225  Logistics  Avenue,  Room  A1 12 
Wright-Patterson  AFB  OH  45433-5744 


SUBJECT :  Change  in  Distribution  Statement  for  AFMC  Documents 


1 .  Distribution  statements  on  several  documents  were  officially  changed  to  Distribution 
Statement  A  in  accordance  with  AFI  61-204,  27  Jul  94,  Disseminating  Scientific  and 
Technical  Information.  The  documents  (excluding  those  marked  out  in  Atch  3)  are 
owned  by  AFMC  and  were  reviewed  by  the  HQ  AFMC  History  Office  and  HQ  AFMC 
Public  Affairs  Office.  The  documents  cleared  for  public  release  are  listed  on  three 
attachments. 

2.  Please  direct  further  questions  to  Ms.  Lezora  Nobles,  AFMC  STINFO  Assistant, 

HQ  AFMC/SCDP,  DSN  787-8583. 


Ctx-C-^,cw  '3'  f  4  c  o*— »-»- 

Patricia  t.  McWilliams 

AFMC  STINFO  Program  Manager 
Directorate  of  Communications  and  Information 


Attachments: 

1 .  AFDTC/PA  Memo,  1 1  Jan  95 

2.  HQ  AFMC/PAX  1st  Ind,  4  May  00 

3.  HQ  AFMC/PAX  Memo,  5  May  00 


2.  Attachments  a  through  c  are  part  of  an  internal  AFMC/HO  review;  attachments  d  and 
e  are  requested  by  Mr.  Morris  Betry,  a  private  researcher;  attachments  f  through  h  are 
requested  by  Ms.  Pat  McWilliams  (AFMC/SCDP);  and  attachment  i  is  requested  by  Mr. 
Gregory  Hughes  (ASC/ENFD). 

3.  The  AFMC/HO  point  of  contact  for  these  reviews  is  Dr.  William  Elliott,  who  may  be 
reached  at  extension  77476. 


(. 

Is  Attachments: 

a.  AFSC  No.  TSOrFM — 

b.  AFSC  Nu.  400:490- 

c.  DTIC  No.  AD-098  048 

d.  DTIC  No.  AD-376  934 

e.  DTIC  No.  AD-895  879 

f.  DTIC  No.  AD-094  838 

g.  DTIC  No.  AD-068  388 

h.  DTIC  No.  AD-046  931 
r:  AFLC  No.  R1-120--2 — 


1st  Ind,  HQ  AFMC/PAX 
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